Critically ill patients frequently present with disorders of acid--base homeostasis ([@bib1]), making arterial blood gas interpretation a cornerstone activity in the clinical assessment of patients by intensivists. Many of us are unaware that we've been taught to interpret acid--base homeostasis in the "bicarbonate era" ([@bib2]), where a focus on the Henderson-Hasselbalch equation for dissociation of carbon dioxide has led us to believe that bicarbonate is a major determinant of acid--base status ([@bib3]). However, when we try to understand some of the commonly encountered acid--base abnormalities in critical illness, such as hyperchloremia ([@bib4]), the Henderson-Hasselbalch equation leaves us yearning for a better explanation.

Forty years ago, the Canadian physiologist Peter Stewart provided a better explanation. He described an approach to understanding acid--base in which bicarbonate is not the major determinant of acid--base status ([@bib5]). Although it is referred to as the "modern" approach ([@bib2]), Stewart's explanation incorporated time-tested concepts of physical chemistry, such as conservation of mass, dissociation of electrolytes, and electroneutrality, some of which date back to the 18th century ([@bib6]). Therefore, it is perhaps more accurate to refer to Stewart's work as the physicochemical approach. Stewart applied these physicochemical principles by using simple algebra to demonstrate that plasma pH (and bicarbonate concentration) is determined by the P[co]{.smallcaps}~2~, the strong ion difference, and the concentration of weak acids (primarily albumin and phosphate).

The strong ion difference in plasma is determined by the relatively higher concentration of sodium compared with chloride, and the difference is typically about 40 mEq/L ([@bib5]). The electroneutrality of plasma is maintained because the charge gap between these two strong ions is made up by the dissociation of weak acids into their respective anions, including the dissociation of dissolved carbon dioxide into bicarbonate. By showing that plasma proteins (weak acids) and dissolved strong ions also participate in acid--base homeostasis, the physicochemical approach provides an explanation for acid--base disorders commonly encountered in critical illness, such as hypoalbuminemia and hyperchloremia. However, although this approach is mathematically accurate ([@bib7]), it oversimplifies some of the mechanistic insights ([@bib8]), which is perhaps why reception has been mixed, ranging from full embracement at the bedside ([@bib9]) to outright hostility ([@bib10]).

Unfortunately, the controversy has left many of us wondering whether it is truly important to learn the physicochemical approach. After all, intensivists really have access to only two tools for rapid manipulation of plasma pH in the setting of acidosis: *1*) hyperventilation to lower P[co]{.smallcaps}~2~ and *2*) administration of sodium bicarbonate. Nonetheless, our understanding of these interventions may be improved with the physicochemical approach. For example, although the Henderson-Hasselbalch equation predicts that hyperventilation will lower pH, it doesn't allow us to understand that hyperventilation does this by removing carbon dioxide without changing the strong ion difference, and it doesn't predict the effect that remaining weak acids will have on the final observed pH.

Similarly, the physicochemical approach helps us understand that administration of sodium bicarbonate increases pH by increasing the concentration of plasma sodium relative to chloride, rather than simply by adding a bicarbonate buffer to the system. This is because sodium fully dissociates in solution, whereas bicarbonate exists in equilibrium with dissolved carbon dioxide (P[co]{.smallcaps}~2~) (i.e., it behaves like a weak acid). In fact, the physicochemical approach helps us understand the potential harmful effects of a rapid bolus of sodium bicarbonate, because it predicts an increase in the local P[co]{.smallcaps}~2~. This may rapidly increase intracellular P[co]{.smallcaps}~2~, worsening intracellular acidosis, because carbon dioxide rapidly diffuses across cellular membranes ([@bib11]).

In this issue of the *Journal*, Zanella and colleagues (pp. [799--813](10.1164/rccm.201903-0538OC)) report their ingenious alternative method for therapeutically increasing the strong ion difference in plasma ([@bib12]). The authors used electrodialysis cell technology to defy the principles of electroneutrality and remove chloride ions from plasma while maintaining the concentration of sodium ions. As a result, they increased the strong ion difference and raised the pH back to normal levels. They tested this technology in animal models of both metabolic and respiratory acidosis and showed that the effect was maintained even after the electrodialysis was discontinued. Their work not only validates a direct therapeutic application of the physicochemical approach, it also provides fascinating insights into acid--base homeostasis. Before electrodialysis was initiated, renal chloride excretion was increased in response to both metabolic and respiratory acidosis. Once the pH was restored by lowering plasma chloride with electrodialysis, renal chloride excretion was reduced. Homeostatic mechanisms involving chloride shifts have previously been shown to play an important role in the maintenance of pH through mechanisms involving circulating red blood cells ([@bib13]) as well as the kidney ([@bib14]). This leads one to conclude that lowering plasma chloride with electrodialysis augments the natural homeostatic response to acidosis, unlike the administration of concentrated sodium bicarbonate, which also increases plasma sodium.

However, we should be cautiously enthusiastic. Modifying pH by removing chloride and manipulating the strong ion difference will not treat the underlying cause of the acid--base disorder any more than lowering P[co]{.smallcaps}~2~ or administering sodium bicarbonate does, unless of course the primary derangement is hyperchloremia, elevated P[co]{.smallcaps}~2~, or hyponatremia. Although acidosis with hyperchloremia is quite common in critical illness ([@bib4]), preventing hyperchloremia by using the physicochemical approach to guide the choice and composition of fluids is perhaps a simpler and wiser alternative. Furthermore, hyperventilation, sodium bicarbonate administration, and chloride electrodialysis do not directly treat elevated lactate levels, the most common cause of acidosis in critical illness ([@bib1]). However, Zanella and colleagues make no such claims. They simply use the physicochemical approach to elegantly show that increasing the strong ion difference restores pH to normal levels. It's conceivable that the same result could be more easily obtained by conventional dialysis, where the dialysate solutions are engineered to target a given strong ion difference. Either way, the manipulation of strong ion difference to achieve specific therapeutic effects is slowly gaining traction, and similar approaches have recently been shown to enhance respiratory support ([@bib15], [@bib16]). Whatever the future holds for these therapies, it behooves us to start teaching the physicochemical approach to our medical students and junior colleagues sooner rather than later.

Originally Published in Press as DOI: [10.1164/rccm.201910-2003ED](http://dx.doi.org/10.1164/rccm.201910-2003ED) on October 28, 2019

[**[Author disclosures](http://www.atsjournals.org/doi/suppl/10.1164/rccm.201910-2003ED/suppl_file/disclosures.pdf)**]{.ul} are available with the text of this article at [www.atsjournals.org](http://www.atsjournals.org).
